Modern biotechnology has a steadily increasing demand for novel genes for application in various industrial demand for novel genes for application in various industrial processes and development of genetically modifi ed organprocesses and development of genetically modifi ed organisms. Identifi cation, isolation and cloning for novel genes isms. Identifi cation, isolation and cloning for novel genes at a reasonable pace is the main driving force behind the at a reasonable pace is the main driving force behind the development of unprecedented experimental approaches. development of unprecedented experimental approaches. Metagenomics is one such novel approach for engendering Metagenomics is one such novel approach for engendering novel genes. Metagenomics of complex microbial comnovel genes. Metagenomics of complex microbial communities (both cultivable and uncultivable) is a rich source munities (both cultivable and uncultivable) is a rich source of novel genes for biotechnological purposes. The conof novel genes for biotechnological purposes. The contributions made by metagenomics to the already existing tributions made by metagenomics to the already existing repository of prokaryotic genes is quite impressive but nevrepository of prokaryotic genes is quite impressive but nevertheless, this technique is still in its infancy. In the present ertheless, this technique is still in its infancy. In the present review we have drawn comparison between routine cloning review we have drawn comparison between routine cloning techniques and metagenomic approach for harvesting novel techniques and metagenomic approach for harvesting novel microbial genes and described various methods to reach microbial genes and described various methods to reach down to the specifi c genes in the metagenome. Accomplishdown to the specifi c genes in the metagenome. Accomplishments made thus far, limitations and future prospects of this ments made thus far, limitations and future prospects of this resourceful technique are discussed. resourceful technique are discussed.
Introduction Introduction
Microbes underpin all life processes on earth. Being pioMicrobes underpin all life processes on earth. Being pioneer colonizers of this planet they have evolved and accuneer colonizers of this planet they have evolved and accumulated remarkable physiological and functional diversity. mulated remarkable physiological and functional diversity. It would not be far-fetched to say that microbes are 'micro It would not be far-fetched to say that microbes are 'micro biotechnology' units designed by nature millions of years biotechnology' units designed by nature millions of years ago, much before we discovered their infl uence in every ago, much before we discovered their infl uence in every sphere of human life. Today, they represent the chief source sphere of human life. Today, they represent the chief source of most biocatalysts, antibiotics and secondary metabolites. of most biocatalysts, antibiotics and secondary metabolites. The traditional method for isolating novel microbes is by The traditional method for isolating novel microbes is by cultivating them randomly and subsequently screening for cultivating them randomly and subsequently screening for pure strains. This method is not only cumbersome but also pure strains. This method is not only cumbersome but also suffers strong limitation as has been revealed by molecular suffers strong limitation as has been revealed by molecular ecological studies. It is now common knowledge that the ecological studies. It is now common knowledge that the microbial diversity retrieved by standard cultivation techmicrobial diversity retrieved by standard cultivation techniques represents less than 1% of diversity present in nature niques represents less than 1% of diversity present in nature [1] [2] [3] [4] [5] [6] [7] [8] [9] . This huge gap between actual microbial abundance [1] [2] [3] [4] [5] [6] [7] [8] [9] . This huge gap between actual microbial abundance and the total recovery made so far using standard culturing and the total recovery made so far using standard culturing techniques can be bridged by metagenomics. The signifitechniques can be bridged by metagenomics. The significance of the fi eld is evident by the number (12) of reviews cance of the fi eld is evident by the number (12) of reviews published in last fi ve years on varied aspects of metagenompublished in last fi ve years on varied aspects of metagenomics (Table 1) . ics (Table 1) .
In the fi rst half of last century the structure and function In the fi rst half of last century the structure and function of the all powerful molecule on the earth of the all powerful molecule on the earth i.e. i.e. DNA; was not DNA; was not elucidated. Therefore, the characterization of all living beelucidated. Therefore, the characterization of all living beings, both macro-and microscopic, was done on the basis of ings, both macro-and microscopic, was done on the basis of phenotypic characters. To characterize microbes, culturing phenotypic characters. To characterize microbes, culturing was the only way. Bergey's Manual (1923) categorically was the only way. Bergey's Manual (1923) categorically states that no microorganisms can be characterized without states that no microorganisms can be characterized without being cultured [2] . But now we have come to realize that being cultured [2] . But now we have come to realize that there are many bacteria which are not amenable to culturthere are many bacteria which are not amenable to culturing however this does not disprove their existence. Some ing however this does not disprove their existence. Some glaring impediments in cultivating microorganisms are lack glaring impediments in cultivating microorganisms are lack of necessary symboint, nutrient or surface, excess of inof necessary symboint, nutrient or surface, excess of inhibitory compounds, incorrect combination of temperature, hibitory compounds, incorrect combination of temperature, pressure or atmospheric gas composition, accumulation pressure or atmospheric gas composition, accumulation of toxic waste products from their own metabolism in the of toxic waste products from their own metabolism in the culture medium and intrinsically slow growth rate or rapid culture medium and intrinsically slow growth rate or rapid dispersion from colonies [10] [11] . dispersion from colonies [10] [11] . and had individually put and had individually put forth an idea that the genomes of microorganisms can be forth an idea that the genomes of microorganisms can be archived and characterized without necessarily cultivatarchived and characterized without necessarily cultivating them fi rst [12] [13] [14] . and his colleagues ing them fi rst [12] [13] [14] . and his colleagues used direct analysis of 5S and 16S rRNA gene sequences used direct analysis of 5S and 16S rRNA gene sequences directly from environment to describe the diversity of directly from environment to describe the diversity of microorganism in a particular environment [15] . Looking microorganism in a particular environment [15] . Looking back at events now, one wonders why this method of miback at events now, one wonders why this method of microbial genome analysis took so long to materialize. Once crobial genome analysis took so long to materialize. Once standardized, the use of genome technology to characterize standardized, the use of genome technology to characterize naturally occurring microbes (both cultivable and uncultinaturally occurring microbes (both cultivable and uncultivable) has gained wide spread acceptance. The foundation vable) has gained wide spread acceptance. The foundation of metagenomics rests on several different technologies and of metagenomics rests on several different technologies and disciplines which include genomics, ecology, evolution, disciplines which include genomics, ecology, evolution, high through-put DNA sequencing, microarray technology high through-put DNA sequencing, microarray technology and bioinformatics. In literature there are several synonyms and bioinformatics. In literature there are several synonyms to the metagenomic cloning approach such as, Soil DNA to the metagenomic cloning approach such as, Soil DNA libraries, eDNA library, Microbial population genomics, libraries, eDNA library, Microbial population genomics, Recombinant environmental libraries, Community genomRecombinant environmental libraries, Community genomics, Whole genome shotgun sequencing, Environmental ics, Whole genome shotgun sequencing, Environmental genomics and Ecogenomics. The term metagenomics was genomics and Ecogenomics. The term metagenomics was coined by Handelsman in 1998 coined by Handelsman in 1998, , and has been defi ned as and has been defi ned as culture independent genomic analysis of microbial commuculture independent genomic analysis of microbial communities [16] . Few other defi nitions of metagenomics based on nities [16] . Few other defi nitions of metagenomics based on the techniques that the techniques that are used or the aim of this young budare used or the aim of this young budding fi eld have also been suggested by other workers; ding fi eld have also been suggested by other workers; Defi nition I Defi nition I Leveau and his group suggest that "MetageLeveau and his group suggest that "Metagenomic libraries are databases of bacterial clones, usually nomic libraries are databases of bacterial clones, usually E.coli E.coli carrying DNA fragments that originate from colleccarrying DNA fragments that originate from collective genomes of all the organisms present in the particular tive genomes of all the organisms present in the particular environment, habitat and assemblage" [17] . environment, habitat and assemblage" [17] .
Defi nition II(a)
Defi nition II(a) "Metagenomics describes the functional "Metagenomics describes the functional and sequence based analysis of collective microbial geand sequence based analysis of collective microbial genomes contained in an environmental samples" [18] . nomes contained in an environmental samples" [18] .
Defi nition II(b)
Defi nition II(b) " The metagenome approach is the culture " The metagenome approach is the culture independent genomic analysis of microbial communities in independent genomic analysis of microbial communities in the environment" [18] . the environment" [18] .
As isolation of nucleic acids from environmental samAs isolation of nucleic acids from environmental samples is not that straight forward, therefore many researchers ples is not that straight forward, therefore many researchers have resorted to analyses of pooled genome of cultivable have resorted to analyses of pooled genome of cultivable microbes from environmental sample/s as well [19] [20] [21] . microbes from environmental sample/s as well [19] [20] [21] . The basic defi nition therefore, can be modifi ed to "colThe basic defi nition therefore, can be modifi ed to "collective genome analysis of pooled genomes of cultivable lective genome analysis of pooled genomes of cultivable and/or uncultivable microorganisms" in agreement with the and/or uncultivable microorganisms" in agreement with the defi nition IIa given by the Riesenfeld and his group. defi nition IIa given by the Riesenfeld and his group.
The present review concerns with advantages of metageThe present review concerns with advantages of metagenomics over routine gene mining techniques, strategies for nomics over routine gene mining techniques, strategies for harvesting novel genes from pooled genomes, achieveharvesting novel genes from pooled genomes, achievements made so far, limit ments made so far, limitations and future prospects of the ations and future prospects of the youthful discipline of metagenomics. youthful discipline of metagenomics.
Metagenomics versus routine microbial gene cloning Metagenomics versus routine microbial gene cloning
Metagenomics is not the only way to harvest unknown Metagenomics is not the only way to harvest unknown genes as there are other t genes as there are other techniques to engender novel genes.
echniques to engender novel genes. In fact developments in protein engineering and evolution In fact developments in protein engineering and evolution have provided methods not only for isolating but also for have provided methods not only for isolating but also for generating new genes. The classical technique of random generating new genes. The classical technique of random and site specifi c mutagenesis can be used to replace a single and site specifi c mutagenesis can be used to replace a single or limited number of amino acids to produce a new geneor limited number of amino acids to produce a new genepeptide sequence. More recently other methods like errorpeptide sequence. More recently other methods like errorprone PCR, saturation mutagenesis and domain shuffl ing prone PCR, saturation mutagenesis and domain shuffl ing give access to more varied p give access to more varied probable sequences of genes/peprobable sequences of genes/peptides under study [22] . The protein sequences available to tides under study [22] . The protein sequences available to researchers are from direct sequencing of the protein, from researchers are from direct sequencing of the protein, from the translation of directly cloned genes and from sequenced the translation of directly cloned genes and from sequenced genomes. Our understanding of the occupancy of protein genomes. Our understanding of the occupancy of protein sequence space is driven from the sequences available in sequence space is driven from the sequences available in protein and nucleic acid data banks. The sequences are in protein and nucleic acid data banks. The sequences are in turn dependent upon the range of the known and available turn dependent upon the range of the known and available genes/genomes. In order to move in "sequence space" and genes/genomes. In order to move in "sequence space" and expand genes for invitro evolution, new technologies that expand genes for invitro evolution, new technologies that circumvent the limitations of microbial culturability must circumvent the limitations of microbial culturability must be applied. These technologies which currently include be applied. These technologies which currently include metagenomic library screening, gene specifi c amplifi cation metagenomic library screening, gene specifi c amplifi cation methods and even full metagenomic sequencing provide acmethods and even full metagenomic sequencing provide access to the volume of "sequence space" that is not addressed cess to the volume of "sequence space" that is not addressed by traditional screening [22, 6, 1] . by traditional screening [22, 6, 1] .
The pronouncement that 99.9 % of the microbial speThe pronouncement that 99.9 % of the microbial species represented in any biotope are not culturable at the cies represented in any biotope are not culturable at the moment, highlights the limitation of any gene discovery moment, highlights the limitation of any gene discovery protocol that is dependent on culturing. However metageprotocol that is dependent on culturing. However metagenomics is direct route to novel gene cloning as it is not nomics is direct route to novel gene cloning as it is not dependent on culturing. Finding a novel gene or functional dependent on culturing. Finding a novel gene or functional sequence space within reasonable time depends as much on sequence space within reasonable time depends as much on effi cient/sensitive screening strategies as on input of diverse effi cient/sensitive screening strategies as on input of diverse candidate genomes, which can be made available by folcandidate genomes, which can be made available by following metagenomic approach. The major advantages of lowing metagenomic approach. The major advantages of metagenomics are: metagenomics are:
1. Much higher proportion of genomes present in any 1. Much higher proportion of genomes present in any environmental samples can be collected in comparienvironmental samples can be collected in comparison to genomes obtained through classical microbial son to genomes obtained through classical microbial isolation, isolation, 2. the target gene isolation is matter of ingenuity and 2. the target gene isolation is matter of ingenuity and the design of the assay system and, the design of the assay system and, 3. searching for target genes in a pool of genomes of 3. searching for target genes in a pool of genomes of cultivable and/ or uncultivable microbes will result cultivable and/ or uncultivable microbes will result in increased probability of fi nding target gene (than in increased probability of fi nding target gene (than through analyzing individual microbes). through analyzing individual microbes).
Although our present capacity to produce genomic informaAlthough our present capacity to produce genomic information (in particular sequence related) surpasses our ability to tion (in particular sequence related) surpasses our ability to analyze, interpret and utilize it. Development of effective analyze, interpret and utilize it. Development of effective analytical bioinformatic tools and ingenuous assay systems analytical bioinformatic tools and ingenuous assay systems will propagate the road ahead, for this approach which is will propagate the road ahead, for this approach which is still in its infancy. Nevertheless studies on the genome charstill in its infancy. Nevertheless studies on the genome characterization of uncultivated microbes, gene inventories of acterization of uncultivated microbes, gene inventories of diverse microbial assemblages, functional analysis of novel diverse microbial assemblages, functional analysis of novel proteins and process and quantitative gene surveys all are proteins and process and quantitative gene surveys all are now increasing both in quality and quantity. now increasing both in quality and quantity.
Strategies for reaching out to microbial metagenome Strategies for reaching out to microbial metagenome (a) Source metagenome and enrichment techniques. (a) Source metagenome and enrichment techniques. Tar-Target gene isolation can be started with selecting the right get gene isolation can be started with selecting the right target environmental site as it will increase the probability target environmental site as it will increase the probability of fi nding novel target gene. Fig. 1 gives the overview of of fi nding novel target gene. Fig. 1 gives the overview of various routes to identify, isolate and clone novel microbial various routes to identify, isolate and clone novel microbial genes. It is diffi cult to presume the abundance of target genes. It is diffi cult to presume the abundance of target genes in the any metagenome, but usually target gene/s genes in the any metagenome, but usually target gene/s represent a small proportion of the total nucleic acid fracrepresent a small proportion of the total nucleic acid fraction. One of the straight forward routes is to pre-enrich the tion. One of the straight forward routes is to pre-enrich the target environmental site for specifi c gene encoding mitarget environmental site for specifi c gene encoding microbes. Venter and his associates (2004) while undertaking crobes. Venter and his associates (2004) while undertaking Sargasso Sea genome sequencing project did size selective Sargasso Sea genome sequencing project did size selective fi lteration to effectively remove eukaryotic population so fi lteration to effectively remove eukaryotic population so as to enrich target prokaryotic, archea population [23] . The as to enrich target prokaryotic, archea population [23] . The fi rst complete genome sequence obtained from uncultivable fi rst complete genome sequence obtained from uncultivable bacterium bacterium Buchnera aphidicola Buchnera aphidicola was enriched for bacterial was enriched for bacterial genome by differential centrifugation for removing insect genome by differential centrifugation for removing insect tissue DNA [16] . Culture enrichment for a target gene can tissue DNA [16] . Culture enrichment for a target gene can be done by exposing the cells to the selective substrate. be done by exposing the cells to the selective substrate. The selection pressure for enrichment can be nutritional, The selection pressure for enrichment can be nutritional, physical and chemical, although substrate utilization is physical and chemical, although substrate utilization is most commonly employed [19] [20] . Culture enrichment most commonly employed [19] [20] . Culture enrichment on carboxymethylcellulose resulted in four fold enrichment on carboxymethylcellulose resulted in four fold enrichment of cellulose genes in a small insert expression library [24] . of cellulose genes in a small insert expression library [24] . Stating the obvious, culture enrichment will inevitably lead Stating the obvious, culture enrichment will inevitably lead to loss of some microbial diversity by selecting fast growto loss of some microbial diversity by selecting fast growing specifi c culturable species but it is straight forward if we ing specifi c culturable species but it is straight forward if we are looking for a specifi c genes and not the overall diversity. are looking for a specifi c genes and not the overall diversity. One alternative is to introduce a mild selection pressure so One alternative is to introduce a mild selection pressure so that presence of non enriched cultures is not lost totally. that presence of non enriched cultures is not lost totally. Enrichment of microorganisms with special traits and conEnrichment of microorganisms with special traits and construction of metagenomic library by direct cloning of enstruction of metagenomic library by direct cloning of environmental DNA has great potential for identifying genes vironmental DNA has great potential for identifying genes and gene products for biotechnological purposes. Various and gene products for biotechnological purposes. Various types of enrichment techniques like stable isotope probing types of enrichment techniques like stable isotope probing (SIP) and 5-Bromo-2-deoxyuridine labelling, suppressive (SIP) and 5-Bromo-2-deoxyuridine labelling, suppressive subtractive hybridization (SSH), differential expression subtractive hybridization (SSH), differential expression analysis (DEA), phage display and affi nity capture have analysis (DEA), phage display and affi nity capture have been developed to increase the possibility of hitting the been developed to increase the possibility of hitting the target gene [6] . target gene [6] .
b) Community nucleic acid isolation. b) Community nucleic acid isolation. The direct isolation
The direct isolation of microbial DNA from the environment for the sake of unof microbial DNA from the environment for the sake of unbiased genomic representation was proposed and pioneered biased genomic representation was proposed and pioneered by and along with their group as by and along with their group as mentioned earlier [12, 15, 25] . Pace and his group extracted mentioned earlier [12, 15, 25] . Pace and his group extracted total DNA from marine plankton and partially digested it total DNA from marine plankton and partially digested it to obtain ligation competent fragments of suitable sizes. to obtain ligation competent fragments of suitable sizes. Subsequently it was cloned in Subsequently it was cloned in E.coli E.coli using bacteriophage λ using bacteriophage λ vector and screening for genes encoding rRNAs was done vector and screening for genes encoding rRNAs was done thereby illustrating the potential of isolating any kind of thereby illustrating the potential of isolating any kind of gene from un cultivable organisms. Since then numerous gene from un cultivable organisms. Since then numerous studies have dealt with methods extracting 'metagenome' studies have dealt with methods extracting 'metagenome' from a variety of different environments. Extraction methfrom a variety of different environments. Extraction methods fall into two categories depending on whether bacteria ods fall into two categories depending on whether bacteria are lysed directly in the context of sub statum ( are lysed directly in the context of sub statum (in situ in situ) or ) or are fi rst separated from surrounding material. Balance has are fi rst separated from surrounding material. Balance has to be struck between high DNA recovery yields and ease to be struck between high DNA recovery yields and ease of operation on one hand and superior DNA integrity and of operation on one hand and superior DNA integrity and purity on the other hand [26] [27] [28] . purity on the other hand [26] [27] [28] . As in any DNA isolation method the fi rst step is breaking As in any DNA isolation method the fi rst step is breaking open the cell and isolating the DNA. The procedure to break open the cell and isolating the DNA. The procedure to break open the cell is either to shear it mechanically or chemiopen the cell is either to shear it mechanically or chemically. Both methods have there own advantages and limitacally. Both methods have there own advantages and limitations. Chemical treat tions. Chemical treatment of the sample (cells) is a gentle ment of the sample (cells) is a gentle method and results in recovery of higher molecular weight method and results in recovery of higher molecular weight DNA but chemical lysis can select certain species only by DNA but chemical lysis can select certain species only by exploiting their biochemical characteristics. Mechanical exploiting their biochemical characteristics. Mechanical shearing on the other hand does not show any such bias and shearing on the other hand does not show any such bias and is known to recover nucleic acid from more diverse cells as is known to recover nucleic acid from more diverse cells as compared to the chemical method, however quality of DNA compared to the chemical method, however quality of DNA is not so good. Therefore microbial (metagenomic) comis not so good. Therefore microbial (metagenomic) community DNA isolation at present is a compromise between munity DNA isolation at present is a compromise between vigorous extraction required for the representation of all vigorous extraction required for the representation of all microbial genomes and minimization of DNA shearing and microbial genomes and minimization of DNA shearing and the inhibition of co-extraction of organic acid contaminants the inhibition of co-extraction of organic acid contaminants [29-30, 6, 8] . Despite various types of metagenomic DNA [29-30, 6, 8] . Despite various types of metagenomic DNA isolation protocols available there is no sure shot way, by isolation protocols available there is no sure shot way, by which, all microbial community nucleic acid representation which, all microbial community nucleic acid representation in the extract can be ensured. in the extract can be ensured.
NOVEL MICROBIAL GENE/S

c) Normalization of the metagenome. c) Normalization of the metagenome. Total nucleic acids
Total nucleic acids directly extracted from the environmental samples will not directly extracted from the environmental samples will not represent all the genomes equally as it will directly depend represent all the genomes equally as it will directly depend upon the relative abundance of the each type of population upon the relative abundance of the each type of population in the environment [31] . Environmental metagenomes can in the environment [31] . Environmental metagenomes can be normalized artifi cially in the la be normalized artifi cially in the laboratory. Separation of boratory. Separation of genotypes (specifi c genomes) is achieved by Cesium Chlogenotypes (specifi c genomes) is achieved by Cesium Chloride density centrifugation in presence of intercalating agents ride density centrifugation in presence of intercalating agents such as bis-benzimide, for buoyant density separation of such as bis-benzimide, for buoyant density separation of genomes based on their % G and C content. Equal amounts genomes based on their % G and C content. Equal amounts of the each band on the gradient are combined to represent a of the each band on the gradient are combined to represent a normalized metagenome. Normalization can also be done by normalized metagenome. Normalization can also be done by denaturing fragmented genomic DNA and reannealing under denaturing fragmented genomic DNA and reannealing under stringent conditions. Abundant ssDNA will anneal more rapstringent conditions. Abundant ssDNA will anneal more rapidly to generate double-stranded nucleic acids than rare DNA idly to generate double-stranded nucleic acids than rare DNA species. Single stranded sequences are then separated from species. Single stranded sequences are then separated from the double-stranded nucleic acids, resulting in an enrichment the double-stranded nucleic acids, resulting in an enrichment of rarer sequences within the environmental sample [32] . of rarer sequences within the environmental sample [32] .
Recently Yokouchi and his group (2006) have devised a Recently Yokouchi and his group (2006) have devised a strategy called multiple displacement amplifi cation (MDA) strategy called multiple displacement amplifi cation (MDA) for whole-genome amplifi cation (WGA) to overcome for whole-genome amplifi cation (WGA) to overcome these limitations. This method can generate large quantities these limitations. This method can generate large quantities of high quality DNA from a small amount of sample using of high quality DNA from a small amount of sample using φ29 DNA polymerase and random exonuclease -resistant φ29 DNA polymerase and random exonuclease -resistant primers. Authors have demonstrated that employment of primers. Authors have demonstrated that employment of this method can ensure representation of all the genomes this method can ensure representation of all the genomes isolated in the metagenome [33] . isolated in the metagenome [33] .
Stratagem for sifting genes from environmental Stratagem for sifting genes from environmental metagenome metagenome
Once the source metagenome is identifi ed and metageOnce the source metagenome is identifi ed and metagenomic DNA isolated the goal shifts to isolation of gene of nomic DNA isolated the goal shifts to isolation of gene of interest. There can be two approaches, one is to clone all the interest. There can be two approaches, one is to clone all the metagenome isolated by making genomic libraries fi rst and metagenome isolated by making genomic libraries fi rst and subsequently screening it for specifi c gene of interest. The subsequently screening it for specifi c gene of interest. The alternate approach is to specifi cally isolate the gene of interalternate approach is to specifi cally isolate the gene of interest directly by performing a polymerase chain reaction. The est directly by performing a polymerase chain reaction. The fi rst approach includes metagenomic /metatranscriptomic fi rst approach includes metagenomic /metatranscriptomic library construction. library construction.
A. i) Metagenomic library: A. i) Metagenomic library:
The basic steps in the con-
The basic steps in the construction of a metagenomic library and genomic library are struction of a metagenomic library and genomic library are broadly similar and it seems now so surprising as to why broadly similar and it seems now so surprising as to why this technique took so long to come alive. Metagenomic this technique took so long to come alive. Metagenomic library is constructed by using routine cloning and expreslibrary is constructed by using routine cloning and expression vectors but the choice usually is to use cosmid or bactesion vectors but the choice usually is to use cosmid or bacterial artifi cial chromosome (BAC) as they can accommodate rial artifi cial chromosome (BAC) as they can accommodate large sized DNA fragment. Cloning in either cosmid or large sized DNA fragment. Cloning in either cosmid or BAC allows entire functional operons to express together. BAC allows entire functional operons to express together. This way operons for several multigenic pathways have This way operons for several multigenic pathways have been successfully cloned and isolated [6] . Phage display been successfully cloned and isolated [6] . Phage display expression metagenomic libraries are made by affi nity seexpression metagenomic libraries are made by affi nity selection of the surface-displayed expression product. Phage lection of the surface-displayed expression product. Phage display is yet another method to enrich even rare DNA presdisplay is yet another method to enrich even rare DNA present in metgenome but the only limitation is that the protein ent in metgenome but the only limitation is that the protein size upper limit is 50 kD [34] . The construction of genomic size upper limit is 50 kD [34] . The construction of genomic libraries or gene banks is one of the pioneering experiments libraries or gene banks is one of the pioneering experiments of genetic engineering but metagenomic libraries were conof genetic engineering but metagenomic libraries were constructed only in 1990's [35-40, 19-20, 23] . In the last two structed only in 1990's [35-40, 19-20, 23] . In the last two and a half year since the birth of this fi eld large number of and a half year since the birth of this fi eld large number of metagenomic libraries have been constructed and the nummetagenomic libraries have been constructed and the number of novel genes isolated from them is equally impressive ber of novel genes isolated from them is equally impressive ( Table 2) . (Table 2) .
A.ii) Metatranscriptomic libraries: Construction of a A.ii) Metatranscriptomic libraries: Construction of a metatranscriptomic library requires the isolation of RNA metatranscriptomic library requires the isolation of RNA from environmental samples. Protocols are modifi ed to take from environmental samples. Protocols are modifi ed to take care to minimize single-stranded polynucleotide degradacare to minimize single-stranded polynucleotide degradation, to limit physical degradation and RNAse activity as tion, to limit physical degradation and RNAse activity as they are the major cause of yield loss [41] [42] [43] [44] . Metagenomthey are the major cause of yield loss [41] [42] [43] [44] . Metagenomic libraries that contain eukaryotic genes will not be suitable ic libraries that contain eukaryotic genes will not be suitable for mining eukaryotic genes, due to presence of the introns. for mining eukaryotic genes, due to presence of the introns. This problem can be solved but to a limited extent by large This problem can be solved but to a limited extent by large scale sequencing of clones. The other alternative is to make scale sequencing of clones. The other alternative is to make metatranscriptomic libraries. Though there are inherent metatranscriptomic libraries. Though there are inherent diffi culties in the isolation of mRNA and cDNA library diffi culties in the isolation of mRNA and cDNA library construction but the potential of direct expression of unculconstruction but the potential of direct expression of uncultivable eukaryotic genes is tremendous. Metatranscriptomic tivable eukaryotic genes is tremendous. Metatranscriptomic library unlike metagenomic libraries will not represent library unlike metagenomic libraries will not represent non-expressed DNA. The additional hurdle are limits of non-expressed DNA. The additional hurdle are limits of Gene-specifi c Gene-specifi c PCR has been used extensively to isolate specifi c nucleic PCR has been used extensively to isolate specifi c nucleic acids from community DNA. Instead of cloning whole acids from community DNA. Instead of cloning whole isolated metagenomes, primers are designed specifi cally isolated metagenomes, primers are designed specifi cally against an identifi ed target gene. Methane mono-oxygenase against an identifi ed target gene. Methane mono-oxygenase gene, 2, 3-dioxygenase, chlorocatechol dioxygenase and gene, 2, 3-dioxygenase, chlorocatechol dioxygenase and phenol hydroxylase are a few examples of the genes that phenol hydroxylase are a few examples of the genes that have been isolated using this PCR based technique from have been isolated using this PCR based technique from the metagenomic DNA [46] [47] [48] [49] [50] . Other genes that also have the metagenomic DNA [46-50]. Other genes that also have been isolated by sequence based approach using PCR are been isolated by sequence based approach using PCR are Glycerol dehydatrase, diol dehydratase [20, 36] and type Glycerol dehydatrase, diol dehydratase [20, 36] and type II Polyketide antibiotic [51] . RT-PCR has also been used to II Polyketide antibiotic [51] . RT-PCR has also been used to recover genes from environmental samples. Napthalene derecover genes from environmental samples. Napthalene deoxygenase enzymes encoding genes from micro-organisms oxygenase enzymes encoding genes from micro-organisms present in coal tar waste has been isolated by using RT-PCR present in coal tar waste has been isolated by using RT-PCR by Wilson and his group (1999) [52] . The PCR based on by Wilson and his group (1999) [52] . The PCR based on gene specifi c primers has two major draw backs; gene specifi c primers has two major draw backs;
1. Primers designed for gene targeting are dependent on 1. Primers designed for gene targeting are dependent on existing sequence information therefore, the bar dips existing sequence information therefore, the bar dips in favour of known sequence types and ending up in favour of known sequence types and ending up logically in not very diverse (novel) sequences, and, logically in not very diverse (novel) sequences, and, 2. only a fragment of main target gene will be ampli-2. only a fragment of main target gene will be amplifi ed and we will have to resort to fi shing out the fi ed and we will have to resort to fi shing out the fulllength gene from main metagenome / metatranfulllength gene from main metagenome / metatranscriptome. scriptome. 
Metagenome analysis for gene isolation Metagenome analysis for gene isolation
The analysis of metagenome is done either by direct analyThe analysis of metagenome is done either by direct analysis of the isolated sequence i.e sequence driven approach or sis of the isolated sequence i.e sequence driven approach or by analysis the isolated sequence for function i.e function by analysis the isolated sequence for function i.e function driven approach [4] . Each driven approach [4] . Each approach has its own strengths approach has its own strengths and limitations; together these approaches have enriched and limitations; together these approaches have enriched our understanding of unexplorable microbial world. our understanding of unexplorable microbial world. a) Sequence driven approach. a) Sequence driven approach. Sequence driven approach Sequence driven approach may involve complete sequencing of clones containing may involve complete sequencing of clones containing phylogenetic/conserved sequence ' anchors' (Nucleic acid phylogenetic/conserved sequence ' anchors' (Nucleic acid probe or Primer based) that indicate the taxonomic group probe or Primer based) that indicate the taxonomic group that is the probable source of the DNA fragment or a related that is the probable source of the DNA fragment or a related gene. Random sequencing can also be conducted, and a gene. Random sequencing can also be conducted, and a new microbial taxa or gene of interest can be identifi ed. The new microbial taxa or gene of interest can be identifi ed. The distribution and redundancy of functions in a community, distribution and redundancy of functions in a community, linkage of traits, genomic organization and horizontal gene linkage of traits, genomic organization and horizontal gene transfer can all be inferred from sequence based analysis. transfer can all be inferred from sequence based analysis. The recent monumental sequencing effort, which include The recent monumental sequencing effort, which include reconstruction of the genomes of uncultivated communities reconstruction of the genomes of uncultivated communities in acid mine drainage [59] and the Sargaso sea [23] illusin acid mine drainage [59] and the Sargaso sea [23] illustrate the power of large scale sequencing effort to enrich our trate the power of large scale sequencing effort to enrich our understanding of uncultivable microfl ora [5] . understanding of uncultivable microfl ora [5] .
The assessment of microbial diversity in any particular The assessment of microbial diversity in any particular environment is done by vari environment is done by various techniques of which the ous techniques of which the prominent ones are I) 16S rDNA gene analysis for identiprominent ones are I) 16S rDNA gene analysis for identifi cation of member community, ii) substrate utilization for fi cation of member community, ii) substrate utilization for measuring metabolic diversity, iii) DNA-DNA re-associameasuring metabolic diversity, iii) DNA-DNA re-association kinetics to view genetics complexity of given sample tion kinetics to view genetics complexity of given sample iv) amplifi ed-ribosomal DNA restriction gel electrophoresis iv) amplifi ed-ribosomal DNA restriction gel electrophoresis (ARDRGE) v) and temperature gradient gel electrophoresis (ARDRGE) v) and temperature gradient gel electrophoresis (TGGE) [16] . The scientists at the European Molecular Bi-(TGGE) [16] . The scientists at the European Molecular Biology Laboratory (EMBL) have used these techniques and ology Laboratory (EMBL) have used these techniques and the result is a new appreciation for rich diversity of life that the result is a new appreciation for rich diversity of life that exists in most unlikely places. exists in most unlikely places. b) Function-driven approach. b) Function-driven approach. In function driven apIn function driven approach, metagenomic libraries are screened for expressed proach, metagenomic libraries are screened for expressed traits and once identifi ed the clones are characterize by biotraits and once identifi ed the clones are characterize by biochemical and sequence analysis. Screening by heterologous chemical and sequence analysis. Screening by heterologous gene expression is a powerful yet challenging approach to gene expression is a powerful yet challenging approach to metagenome analysis. Faithful transcription and translametagenome analysis. Faithful transcription and translation of the gene/s are required for a successful hit during tion of the gene/s are required for a successful hit during screening in this approach. Despite bottlenecks many screening in this approach. Despite bottlenecks many novel antibiotics, antibiotic resistance genes, ion (Na novel antibiotics, antibiotic resistance genes, ion (Na + + /H /H + + ) ) transporters and degradative enzymes have isolated using transporters and degradative enzymes have isolated using function driven screen [4, 83] . As is evident, this approach function driven screen [4, 83] . As is evident, this approach is not dependent on any prior sequence data, hence is the is not dependent on any prior sequence data, hence is the only approach to isolate novel genes of known function and only approach to isolate novel genes of known function and more importantly entirely new class of genes for totally new more importantly entirely new class of genes for totally new functions. Nevertheless, there is inherent contradiction in functions. Nevertheless, there is inherent contradiction in this approach -all novel genes of known and unknown functhis approach -all novel genes of known and unknown function will not be expressed in any particular host but at the tion will not be expressed in any particular host but at the same time the diversity of genes isolated from metagenome same time the diversity of genes isolated from metagenome by successfull expre by successfull expression in ssion in E.coli E.coli is surprising [4, 60] . The is surprising [4, 60] . The frequency of metagenomic clones that express any given frequency of metagenomic clones that express any given activity, as expected is low and hence it is necessary that activity, as expected is low and hence it is necessary that development of effi cient screens and diverse host expresdevelopment of effi cient screens and diverse host expression-vector systems are undertaken. The discovery of new sion-vector systems are undertaken. The discovery of new biological motifs will depend in part on functional analybiological motifs will depend in part on functional analysis of metagenomic clones. High through-put screens can sis of metagenomic clones. High through-put screens can substitute when the functions of interest do not provide the substitute when the functions of interest do not provide the basis for selection. One such high through-put screen that is basis for selection. One such high through-put screen that is modifi cation of function driven screening of metagenome modifi cation of function driven screening of metagenome is SIGEX-Substrate-Induced-Gene-Expression-Screening. is SIGEX-Substrate-Induced-Gene-Expression-Screening. This is designed to select the clones harboring catabolic This is designed to select the clones harboring catabolic genes induced by various substrates in concert with fl uoresgenes induced by various substrates in concert with fl uorescence activated cell sorting (FACs) [61] . Functional screens cence activated cell sorting (FACs) [61] . Functional screens of metagenomic lib of metagenomic libraries have led to the assignment of raries have led to the assignment of functions of numerous 'hypothetical proteins' in databases. functions of numerous 'hypothetical proteins' in databases. An emerging and powerful direction for metagenome analAn emerging and powerful direction for metagenome analysis is use of functional anchors, which are the functional ysis is use of functional anchors, which are the functional analogs of phylogenetic anchors. analogs of phylogenetic anchors.
Produce of metagenomics Produce of metagenomics a) Microbial diversity assessment. a) Microbial diversity assessment. Two near -complete
Two near -complete microbial genomes and partial recovery of three others microbial genomes and partial recovery of three others from an environmental sample is a signifi cant advancement from an environmental sample is a signifi cant advancement in the study of natural microbial communities [59] . Genome in the study of natural microbial communities [59] . Genome reconstruction was facilitated by the fact that the communireconstruction was facilitated by the fact that the community was dominated by few genomically distinct species. The ty was dominated by few genomically distinct species. The effectiveness of this approach in other environments will effectiveness of this approach in other environments will be limited by high species richness, heterogeneities in the be limited by high species richness, heterogeneities in the abundance of community members as well as by extensive abundance of community members as well as by extensive genome rearrangements. However in more complex envigenome rearrangements. However in more complex environments, it should be possible to extend random shotgun ronments, it should be possible to extend random shotgun sequencing approach to recover genomes of uncultivated sequencing approach to recover genomes of uncultivated strains and species. These data can be used to explore the strains and species. These data can be used to explore the nature of the community metabolic network, to fi nd condinature of the community metabolic network, to fi nd conditions for cultivating previously uncultivable organism, to tions for cultivating previously uncultivable organism, to monitor community structure over time and to construct monitor community structure over time and to construct DNA microarray to monitor global community gene ex-DNA microarray to monitor global community gene expression patterns [62] [63] . Quaiser and co-worker (2002) pression patterns [62] [63] . Quaiser and co-worker (2002) [64] studied and analyzed genome of an uncultivable [64] studied and analyzed genome of an uncultivable Crenarchaeote Crenarchaeote using direct genome analysis. Authors have using direct genome analysis. Authors have developed a procedure for fast and reliable purifi cation of developed a procedure for fast and reliable purifi cation of concentrated and clonable high molecular weight DNA that concentrated and clonable high molecular weight DNA that is primarily based on two phase electrophoresis technique. is primarily based on two phase electrophoresis technique. Analysis of genomic Analysis of genomic fragments indicated that archarea from fragments indicated that archarea from soil differ from uncultivable marine relatives. Their work soil differ from uncultivable marine relatives. Their work also resulted in isolation of 17 putative protein encoding also resulted in isolation of 17 putative protein encoding genes whose analysis will give some insight into the physigenes whose analysis will give some insight into the physiological potential of these organisms. ological potential of these organisms.
Recent advances in soil community analysis using Recent advances in soil community analysis using molecular methods agree with earlier data on total genetic molecular methods agree with earlier data on total genetic diversity by indicating the enormous microbial diversity in diversity by indicating the enormous microbial diversity in soil [65] [66] [67] . Soil diversity exceeds that of aquatic environsoil [65] [66] [67] . Soil diversity exceeds that of aquatic environment and is a great resource for biotechnological explorament and is a great resource for biotechnological exploration of novel organisms, produ tion of novel organisms, products and processes. Studies of cts and processes. Studies of sequence information from organisms in soil microhabitats sequence information from organisms in soil microhabitats and their gene expression under different conditions will and their gene expression under different conditions will provide guidelines for designing new and improved culturprovide guidelines for designing new and improved culturing methods that resemble their natural niches. New tools ing methods that resemble their natural niches. New tools in bioinformatics and statistical analysis enable us to handle in bioinformatics and statistical analysis enable us to handle the huge amount of data obtained through multidimentional the huge amount of data obtained through multidimentional studies that combine growth independent molecular analystudies that combine growth independent molecular analysis, and analysis of microbial growth activity and physiology sis, and analysis of microbial growth activity and physiology and integrate measures of environmental parameters. Such and integrate measures of environmental parameters. Such polyphasic studies integrate different aspects of microbial polyphasic studies integrate different aspects of microbial diversity and provide a more complete picture of microbial diversity and provide a more complete picture of microbial diversity and a deeper understanding of the interactions in diversity and a deeper understanding of the interactions in soil microbial ecosystems. Studies of microbial sequences, soil microbial ecosystems. Studies of microbial sequences, comparative genomics and microarray technology will comparative genomics and microarray technology will improve our understanding of the structure function relaimprove our understanding of the structure function relationship and the effect of abiotic and biotic factors on soil tionship and the effect of abiotic and biotic factors on soil microbial communities. It is conceivable that the research microbial communities. It is conceivable that the research fi eld dealing with the interaction of genomes with the envifi eld dealing with the interaction of genomes with the environment will be an important topic in the future. ronment will be an important topic in the future. b) Microbial genes mined so far. b) Microbial genes mined so far. Classical cultivation Classical cultivation based methods and modern direct cloning strategies have based methods and modern direct cloning strategies have their advantages and limitations. The natural molecular their advantages and limitations. The natural molecular diversity found in metagenomic DNA of uncultivated midiversity found in metagenomic DNA of uncultivated microorganism is so enormous that the likelihood of retrievcroorganism is so enormous that the likelihood of retrieving known genes is very small. The access of novel natural ing known genes is very small. The access of novel natural 'sequence space' via direct clo 'sequence space' via direct cloning of metagenomic DNA ning of metagenomic DNA could signifi cantly contribute to the identifi cation of valucould signifi cantly contribute to the identifi cation of valuable biocatalysts. The technology developed for human geable biocatalysts. The technology developed for human genome project vectors were combined with Oceanographic nome project vectors were combined with Oceanographic methods to produce the fi rst environmental genomic library methods to produce the fi rst environmental genomic library [68] . The environmental library constructed was a fosmid [68] . The environmental library constructed was a fosmid library prepared from coastal Oregon waters; and new library prepared from coastal Oregon waters; and new screening methodologies like multiplex PCR was develscreening methodologies like multiplex PCR was developed. This study gave science the fi rst glimpse into genome oped. This study gave science the fi rst glimpse into genome organization and protein composition of still elusive and organization and protein composition of still elusive and uncultivable marine archaea. The fi rst metagenomics liuncultivable marine archaea. The fi rst metagenomics library of marine proplankton and soil were initiated in year brary of marine proplankton and soil were initiated in year 2000 [38] [39] . In the summer of 2003 a meeting entitled 2000 [38] [39] [36, 69] . Comcloned following metagenomic technique [36, 69] . Combined metagenomic and susceptibility testing of 8000 + bined metagenomic and susceptibility testing of 8000 + clones by Song clones by Song et al et al (2005) [70] revealed that the presence (2005) [70] revealed that the presence of antibiotic resistant genes similar in resistance profi le of antibiotic resistant genes similar in resistance profi le to antibiotic resistant stains isolated during the period in to antibiotic resistant stains isolated during the period in which antibiotics have been widely used. This led authors which antibiotics have been widely used. This led authors to suggest that the diversity of a type of beta lactamases to suggest that the diversity of a type of beta lactamases may refl ect an ancient evolutionary origin rather than being may refl ect an ancient evolutionary origin rather than being a consequence of antibiotic overuse. The list of microbial a consequence of antibiotic overuse. The list of microbial gene mines is quite long and has been tabulated in table 2 gene mines is quite long and has been tabulated in table 2 for easy comprehension . for easy comprehension .
Since the inception of two pioneering commercial Since the inception of two pioneering commercial metagenomic ventures in late 1990's by recombinant metagenomic ventures in late 1990's by recombinant Biocatalysis Ltd. of La Jolla and Terra Gen Discover Inc, Biocatalysis Ltd. of La Jolla and Terra Gen Discover Inc, these technologies have been taken up by several of the biothese technologies have been taken up by several of the biotechnology giants and have been the focal area of several technology giants and have been the focal area of several start-up companies. Recombinant biocatalysts Ltd., Now start-up companies. Recombinant biocatalysts Ltd., Now Diversa Corporation (www.diversa.com), is the acknowlDiversa Corporation (www.diversa.com), is the acknowledged leader in the fi eld with an impressive list of libraries edged leader in the fi eld with an impressive list of libraries derived from global biotopes and of cloned enzymes. Sevderived from global biotopes and of cloned enzymes. Several other biotechnology companies appear to be competing eral other biotechnology companies appear to be competing in the same market sector. Small size of industrial enzyme in the same market sector. Small size of industrial enzyme market compared with the pharmaceuticals market suggests market compared with the pharmaceuticals market suggests that a switch in product focus might not be unexpected [6] . that a switch in product focus might not be unexpected [6] . c) Microbial community behavior. c) Microbial community behavior. Metagenomics helps Metagenomics helps us to extract and sequence the complete DNA of all us to extract and sequence the complete DNA of all organisms in a single habitat and therefore so called organisms in a single habitat and therefore so called "group specifi c gene patterns" can be identifi ed. Metage-"group specifi c gene patterns" can be identifi ed. Metagenomics for assessment of the gene function in particular nomics for assessment of the gene function in particular habitat is also known as "MetaFunctions' and the goal is to habitat is also known as "MetaFunctions' and the goal is to correlate metagenome sequence data with ecological data correlate metagenome sequence data with ecological data to fi nd group specifi c gene pattern in order to elucidate the to fi nd group specifi c gene pattern in order to elucidate the function of "conserved hypothetic protein". Metagenomics function of "conserved hypothetic protein". Metagenomics so far has provided insight into the prokaryotic symbiosis so far has provided insight into the prokaryotic symbiosis with eukaryotes, how microbes compete and communicate with eukaryotes, how microbes compete and communicate with other organisms, acquire nutrition and provide energy with other organisms, acquire nutrition and provide energy [58, 71] . [58, 71] . d) Fossil DNA analysis. d) Fossil DNA analysis. Metagenomics can also be used Metagenomics can also be used to gather information stored in ancient bacteria which have to gather information stored in ancient bacteria which have been fossilized. There is no other way but to extract colbeen fossilized. There is no other way but to extract collective DNA and analyze it, though sequence analysis of lective DNA and analyze it, though sequence analysis of ancient DNA is challenging because of the technological ancient DNA is challenging because of the technological obstacles of degradation and contamination with modern obstacles of degradation and contamination with modern DNA. These diffi culties not withstanding DNA. These diffi culties not withstanding Micrococcus Micrococcus luteus luteus preserved in 120 -million-year-old amber have preserved in 120 -million-year-old amber have been identifi ed using metagenomics [72] . The other glaring been identifi ed using metagenomics [72] . The other glaring example is microbes detected in the stomach of Neolithic example is microbes detected in the stomach of Neolithic "Tyrolean Iceman". Along with typical members of human "Tyrolean Iceman". Along with typical members of human faecal fl ora genus faecal fl ora genus Vibrio Vibrio have also been identifi ed in the have also been identifi ed in the stomach of neolithic man [73] . stomach of neolithic man [73] .
Future prospects Future prospects a) Development of bioinformatic tools. a) Development of bioinformatic tools. Our present abil-
Our present ability to produce sequence data surpasses our ability to analyze ity to produce sequence data surpasses our ability to analyze and use it. In addition there has been exponential increase in and use it. In addition there has been exponential increase in the published metagenome sequences in the last 5 year [1, 7] the published metagenome sequences in the last 5 year [1, 7] and future explosion of Meta-sequences is anticipated. Unand future explosion of Meta-sequences is anticipated. Until now metagenome sequence data was deposited in public til now metagenome sequence data was deposited in public domain i.e 'all purpose' databases but need for separate stordomain i.e 'all purpose' databases but need for separate storage space, processing and data mining protocols have been age space, processing and data mining protocols have been realized. The"metagenomes Mapserver" is the fi rst attempt realized. The"metagenomes Mapserver" is the fi rst attempt to systematically integrate genomic and metagenomic data to systematically integrate genomic and metagenomic data into consistent, curated databases including geographical into consistent, curated databases including geographical and ecological databases context information resulting in and ecological databases context information resulting in Geographic Information System (GIS). The metagenome Geographic Information System (GIS). The metagenome Metaserver is part of "Metafunctions" a three year project Metaserver is part of "Metafunctions" a three year project funded by the European union. The goal of this project is funded by the European union. The goal of this project is to elucidate the unknown functions of the "conserved hyto elucidate the unknown functions of the "conserved hypothetical proteins" by correlating the occurrence of such pothetical proteins" by correlating the occurrence of such proteins to habitat specifi c parameters. The number of new proteins to habitat specifi c parameters. The number of new metagenomic sequences being isolated makes it necessary metagenomic sequences being isolated makes it necessary to develop an Information Extraction (IE) system that will to develop an Information Extraction (IE) system that will be able to extract the environmental and geographical data be able to extract the environmental and geographical data from biological scientifi c literature. The result will be the from biological scientifi c literature. The result will be the fundamental backbone of the Metagenomics Mapserver and fundamental backbone of the Metagenomics Mapserver and will also enable scientists to perform "comparative metagewill also enable scientists to perform "comparative metagenomics" [18] . Rower and his group (2005) are actively nomics" [18] . Rower and his group (2005) are actively engaged in the development of tools associated with analyengaged in the development of tools associated with analysis of viral metagenomic data, one such tool is PHACCS sis of viral metagenomic data, one such tool is PHACCS i.e. phage communities from contig spectrum [74] . Gabor i.e. phage communities from contig spectrum [74] . [75] for increasing the possibility of positive (2004) [75] for increasing the possibility of positive hits have calculated a formulae that describe the chance of hits have calculated a formulae that describe the chance of isolating a gene by random expression cloning, taking into isolating a gene by random expression cloning, taking into account different modes of expression. Development of inaccount different modes of expression. Development of innovative bioinformatics tools is life line of this new born novative bioinformatics tools is life line of this new born fi eld of metagenomics. fi eld of metagenomics. b) High through-put screening assay. b) High through-put screening assay. Most reliable tool Most reliable tool for assigning the function to any DNA sequence today for assigning the function to any DNA sequence today also is good old functional assay. The need of the hour is also is good old functional assay. The need of the hour is to direct evolution of these function based assays so that a to direct evolution of these function based assays so that a specifi c novel characters is identifi ed. This will reduce the specifi c novel characters is identifi ed. This will reduce the time exhausted in the primary screening. The future of the time exhausted in the primary screening. The future of the specifi c or generalized screening lies in the miniaturization specifi c or generalized screening lies in the miniaturization and automation. Therefore the key to increase the positive and automation. Therefore the key to increase the positive clone hit rate lies in automation of cloning, expression clone hit rate lies in automation of cloning, expression techniques and development of functional assays, akin to techniques and development of functional assays, akin to biochip hybridization, microarray and mass sequencing. biochip hybridization, microarray and mass sequencing.
c) Heterologous gene expression. c) Heterologous gene expression. A challenging yet pow-
A challenging yet powerful approach identifying the positive clone is the one that erful approach identifying the positive clone is the one that expresses the function. Though the large number of the expresses the function. Though the large number of the functional genes have been isolated using functional assays functional genes have been isolated using functional assays and the number and types of genes that get expressed in and the number and types of genes that get expressed in E.coli E.coli are surprising but innovations are required to overare surprising but innovations are required to overcome barriers of heterologous gene expression, assignment come barriers of heterologous gene expression, assignment of function to the numerous 'Hypothetical proteins' in data of function to the numerous 'Hypothetical proteins' in data bases and the development of functional anchors to isolate bases and the development of functional anchors to isolate active clones. active clones.
Conclusions Conclusions
Once the potential of metagenomics was realized by internaOnce the potential of metagenomics was realized by international scientifi c fraternity, it took no time to direct research to tional scientifi c fraternity, it took no time to direct research to gather information for other macromolecules like RNA, progather information for other macromolecules like RNA, protein and macromolecules engaged in metabolism. This has tein and macromolecules engaged in metabolism. This has resulted in the emergence of new fi elds like metatranscripresulted in the emergence of new fi elds like metatranscriptomics, metaproteomics and metablomics. It is perhaps too tomics, metaproteomics and metablomics. It is perhaps too early to state that metagenomic gene discovery is a technoloearly to state that metagenomic gene discovery is a technology that has 'come of age'. New approaches and technological gy that has 'come of age'. New approaches and technological innovations are reported on a regular basis and many of the innovations are reported on a regular basis and many of the technical diffi culties have yet to be fully resolved. However technical diffi culties have yet to be fully resolved. However their can be little doubt that the fi eld of metagenomic gene their can be little doubt that the fi eld of metagenomic gene discovery offers enormous scope and potential for both fundiscovery offers enormous scope and potential for both fundamental microbiology and biotechnological development. damental microbiology and biotechnological development.
Although many advances in heterologous gene expresAlthough many advances in heterologous gene expression, library construction, vector design and screening will sion, library construction, vector design and screening will improve it, the current technology is suffi ciently powerful improve it, the current technology is suffi ciently powerful to yield products for solving real world problems, including to yield products for solving real world problems, including discovery of new antibiotics and enzymes. Approaches that discovery of new antibiotics and enzymes. Approaches that enrich collection of metagenomic clones will enhance the enrich collection of metagenomic clones will enhance the power of metagenomic analysis to address targeted quespower of metagenomic analysis to address targeted questions in microbial ecology and to discover new biotechnotions in microbial ecology and to discover new biotechnological applications. logical applications.
A genome is a resource for providing access to further A genome is a resource for providing access to further understanding of basic molecular biology processes and understanding of basic molecular biology processes and yielding novel genes, gene products or reactions to bioyielding novel genes, gene products or reactions to biochemists as well as biotechnologists. Yet the surface of chemists as well as biotechnologists. Yet the surface of this resource has been barely scratched as far as microbial this resource has been barely scratched as far as microbial genomes are concerned. The awareness of the real scope genomes are concerned. The awareness of the real scope of microbial genome diversity and growing interest in bioof microbial genome diversity and growing interest in biotechnological application of microbial products as pharmatechnological application of microbial products as pharmaceuticals, bioactives, biocatalysts, biomaterials and so forth ceuticals, bioactives, biocatalysts, biomaterials and so forth must prompt the development of new research techniques must prompt the development of new research techniques for the direct or indirect acquisition of these genomes. for the direct or indirect acquisition of these genomes. Although there is unarguably, a great need for future leaps Although there is unarguably, a great need for future leaps in techniques for isolating and culturing novel microorganin techniques for isolating and culturing novel microorganisms the recent development of metagenomics, a fi eld that isms the recent development of metagenomics, a fi eld that effectively circumvent the current limitation of microbial effectively circumvent the current limitation of microbial isolation has been a major breakthrough. isolation has been a major breakthrough. microbial community microbial community structure with 16S-rRNA-targeted structure with 16S-rRNA-targeted oligonucleotide probes in salt marsh sediment. 
